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Pure cadmium halide crystals have two Raman active lat-
tice vibration modes, A1g and Eg modes. Using a model of 
linear chain along the crystal c-axis, force constants 
between ion planes are determined. The Raman spectra of 
CdCl2-CdBr2' CdBr2-CdI2 and CdI2-PbI2 mixed crystals were 
also studied at LNT for the whose composite ratio of the 
constituent crystals. It is found that CdCl2-CdBr2 and 
CdI 2-PbI 2 mixed crystals behave as the "two-mode" type, 
and CdBr2-CdI2 mixed crystals the "one-mode" type. Using 
the linear chain model which regards ion planes as rigid 
ones, these behaviors will also be explaiped. 
1. Introduction 
The extensive investigations of optical phonons in mixed sys-
tems have been made both experimentally and theoreticall~:)For the 
behavior of long wavelength optical phonons in mixed systems, 
there seems to exist two types of mixed crystals. The one is the 
"one-mode" behavior type, each of the k=O optical mode frequencies 
has single value and varies, the other is the "two-mode" behavior 
type, the two phonon frequencies for each of the allowed optical 
mode of the pure crystal are observed. (to occur at frequencies 
close to these of the end member.) In the present work, are 
studied the behaviors of optical phonons in the mixed crystals 
CdCl2-CdBr2, CdBr2-CdI2 and CdI2-PbI2 by Raman spectroscopy. It is 
found that mixed crystals CdCl 2-CdBr2 and Cdl 2-PbI 2 behave as the 
"two-mode" type and mixed crystals CdBr2-CdI2 the "one-mode" type. 
Using the linear chain model which regards ion planes as rigid 
ones, these behavior will be explained. 
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2. Raman sacttering of pure crystals 
The crystals of CdCI2' CdBrz, CdI Z and PbI Z have the layered 
structure. The CdCIZ and CdBrZ crystals belong to the space group 
D~d and CdIZ and PbIZ to D1d' A primitive unit cell contains one 
molecule. Six normal vibrations decompose into irreducible repre-
sentations at r point as follows. 
There are two Raman active modes (A1g, E g) and four infrared ac-
tive modes (2A2u,2Eu)' The infrared and Raman active modes are 
mutually exclusive because of the existence of the inversion cen-
ter in these crystals. It is known that there are two types of 
CdIZ crystal, 2H-CdIZ and 4H-CdI2' The space group of the 2H-CdI Z 
is D~d as described above, while that of 4H-CdI Z is C~v' For 4H-
CdI Z1 
In this case there are five Raman active modes, 2A1 and 3E Z and 
two Raman and infrared active modes, 2E 1 . The correlation diagram 
for the irreducible representation of the factor group of 2H and 
4H polytypes is shown in Fig.t!)While the point group D3d is not 
a subgroup of the point group C6v ' the correlation diagram is 
easily obtained by construction of normal coordinates in both 
symmetries. 
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3. Experiments 
3.1 Samples 
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The CdC12-CdBr2, CdBr2-CdI2 and CdI2-PbI2 mixed crystals were 
grown from melt using the Stockberger technique. Mixture of spe-
cial ragent grade materials were dehydrated and dried up in vacuum 
for several days. Appropriate single crystals were obtained in all 
compositions in this way. The real concentrations of CdBr2 in 
CdCl2-CdBr2 or CdI2 in CdBr2-CdI2 mixed crystals were determined 
for each specimen by spectrophotometric analysis. This was done by 
measuring intensities of absorption due to Br- ion at 195nm or due 
to I ion at 226nm in aqueous solutions. For CdI2-PbI2 mixed 
crystals, the real concentrations were not able to be determined. 
In the following in this paper, the concentrations x are given in 
mol %. 
3.2 Measurements of Raman spectra 
The measurements of Raman spectra were made on the single crys-
tals cleaved along the plane perpendicular to the crystal c-axis 
from the ingots. The crystals were mounted on a sample holder of a 
metal cryostat to which a calibrated Au:Co-chromel thermocouple 
was attached to measure the temperature of the specimen. The di-
rection of the exciting light beam was parallelto the crystal c-
axis and the scattering light was observed in the direction per-
pendicular to this. The Raman spectra were excited with YAG laser 
operating at 5321 A (SHG). The scattering light was analyzed using 
a JOBIN YVON triple monochromator and was detected with a HTV-931A 
photomultiplier whose output was fed into a lo~",(-in amplifier (LI-
572B) or a digital box-car integrater (BX-531). 
4. Results of the experiments 
4.1 Pure crystals 
Raman spectra of pure CdCl2 and CdBr2 measured at LNT are shown 
in Fig.2 (a)·, (b). Two Raman bands were observed at 237cm- 1 and 140 
cm- 1 in CdC12, and at l50cm- 1 and 8lcm- 1 in CdBr2' The former 
bands correspond to Al g mode, and laotter bands to Eg mode. In 
Fig.2 (c), a Raman spectrum of pure CdI2 is shown. In addition to 
114cm-1 for A1g (At ) mode and 50cm- 1 for Eg (Et ) mode, a Raman 
band was observed at l6cm- 1 . This band corresponds to the rigid 
layer mode (E~ ). So this CdI 2 crystal is of the 4H polytype. In 
Fig.2 (d), a Raman spectrum of pure PbI2 is shown~ In addition to 
97cm- 1 band for Al g mode and 78cm- l band for Eg mode, two Raman 
bands were observed at l13cm- 1 for Al g mode and 106cm-1 for Eg 
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Fig.2 Raman ':>pectrum for CdC1 2 (a), CdBr 2 (b), 
CdI 2 (c) and PbI 2 (d) crystals. 
4.2 Mixed crystals 
Raman spectra of CdC12-CdBr2 mixed crystals measured at LNT are 
shown in Fig.3 (a). The uppermost spectrum is that of CdC12 (x=O) , 
and the lowest one is of CdBr2 (x=l). For Al g and Eg modes, two 
Raman bands were observed respectively in the intermediate region 
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Fig.3 Raman spectra for CdC12-CdBr2 (a), CdBrZ-CdIz (b) 
and CdI2-PbIZ (c) mixed crystals. 
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of x values. So the CdCl2-CdBr2 mixed system behaves as the "two-
mode" type. In Fig.3 (b), Raman spectra of single Raman bands were 
observed respectively. So the CdBr2-CdI2 mixed system behaves as 
the "one-mode" type. Raman spectra of CdI2-PbI2 mixed crystals are 
shown in Fig.3 (c). This mixed system behaves as the "two-mode" 
type as well as the CdCl2-CdBr2 mixed system. The half widths of 
the Raman lines are broader in the mixed crystals than in the pure 
crystals, this may owe td the increased contribution of anharmonic 
interaction in the mixed crystals. 
5. L; n ear c h a ; n mod e ,( 3 ) 
To expain the frequency variation of Raman peaks with the con-
centration of the mixed crystals, the experimental results were 
analyzed by using the linear chain model along crystal c-axis. It 
is assumed that the distribution of the component ions in the 
mixed crystals are uniform. In Fig.4, a fundamental linear chain 
model, in which each ion plane is regarded· as a rigid plane, is 
illustrated with the force constants characterizing,the lattice 
vibration of the' crystal. As for the pure crystal of ABZ type, the 
equations of motion can be written according to this model as 
mUa=-a(Ua-Ub)-S(Ua-U c ) 
MUb=-a(Ub-Ua)-a(Ub-U c ) 
mUc=-a(Uc-Ub)-S(Uc-Ub) 
(1) 
(2) 
(3 ) 
where Uar Ub and Uc are the displacements of A, Band Cion 
planes from their equilibriurm positions, respectively; and m and 
M are masses of the halogen and metal' ions. The force constant be-
tween a me'cal ion plane and a halogen. ion plane is a and that be-
tween two halogen ion planes in one layer is a as shown in Fig.4. 
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Fig.4 Linear chain model 
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These equations of motion were sloved, and the angular frequencies 
of four normal oscillations were obtained as follows. 
Alg w2=(aq+2S~)/m (4) 
Eg w 2= (a.L + 2 S.J. ) /m (5) 
A2u w 2=0', ~ (M+2m) /M/m (6) 
Eu w2=a.i.(M+2m)/M/m (7) 
where superscripts on the force cons tans indicate the components 
parallel or perpendicular to the c-axis. In the mixed crystals, 
the force constants are modulated by the concentration x as, 
(8) 
In the mixed crystals which contain different halogen ions, there 
are three types of lattice vibrations. For example in the CdClZ-
CdBr2 system, those of the Cl-Cd-CI, Br-Cd-Br and CI-Cd-Br molecu-
lar type~~)While in the mixed crystals which contain different 
metal ions, there are two types of lattice vibrations. For example 
in the CdI2-PbI2 system, those of I-Cd-I and I-Pb-I molecular 
types. For simplicity, are taken into account the lattice vibra-
tions associated with the molecules which contain only the same 
halogen ions, and those with the Cl-Cd-Br molecular types are neg-
lected in the persent analysis. 
6. Discussion 
The values of force constants for pure crystals calculated by 
using the linear chain model are shown in Table 1. The overall as-
pects of the force constants in PbI2 crystal are different from 
those in cadmium halides. This indicates that the force constants 
will be changed seriously when the metal ions are exchanged. By 
using these values of force constants and the appropriate values 
of 8 as the adjusting parameter, the energies of lattice vibra-
tions of each mode were calculated for the mixed crystals as a 
CdC1 2 CdBr 2 
a' 8.74 5.13 
S; 10.57 11.41 
a.J. 14.33 12.78 
S..J. 
-1.97 -2.28 
( a,S 
CdI 2 PbI 2 
4.21 8.19 
10.22 4.83 
11.09 2.53 
-3.17 4.50 
){ 10 2 dyn/cm ) 
Table I.Force constants 
for CdC12' CdBr2, CdI2 
and PbI 2 crystals. 
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function of the concentration x and were fitted with those ob-
tained by the present measurements. The results are shown in Fig~5. 
The agreement between the experimental data and the calculated re-
sults is considerably good. The obtained values of e are given in 
Table 2. 
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Fig.5 Raman shift for CdCl2-CdBr2, CdBr2-CdI2 and 
CdI2-PbI2 mixed crystals. 
CdC12-CdBr2 CdBr2-CdI2 CdI2-PbI2 
e (A1g ) 0.35 0.45 0.18 
e (Eg) 0.45 0.65 -0.10 
Table 2. The values of e for CdCI2-CdBr2' CdBr2-CdI2 and 
CdI2-PbI2 mixed crystals. 
In the mixed crystals containing different metal ions, the mass of 
the halogen ion plane is not changed, while in the mixed crystals 
containing different halogen ions, the mass of halogen ion planes 
is varied with the consentration x. As far as the Al g and Eg modes 
are concerned, the central metal ion plane does not move, so that 
the values of force constants related to the Eg and Al g modes are 
affected only by the chanqe in the mass of the halogen ion plane 
but not of the metal ion plane. This may be a reason that the val-
ues of e in the CdI2-Pblz mixed crystals are smaller than these in 
the other mixed crystals. In CdC12-CdBr2 and CdBr2-CdI2 mixed 
crystals, the values of e for Eg mode are larger than that for Al g 
mode. The values of the force constants may be more influenced by 
mixing for the Eg mode than for the A1g mode. 
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